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Introduction: Preclinical medical students often have minimal exposure to topics within the field of anesthesiology. As efforts to
expand clinical exposure in the preclinical curriculum are increasing, there remains an unawareness of which education topics are still
undervalued. This study is the first application of an anesthesiology simulation in the medical student population that incorporates
objective performance evaluation that aims to identify key areas of clinical learning growth and gaps within anesthesiology following
a semester-long elective.

Methods: Our study population consisted of 14 first- and 2 second-year medical students interested in a career in anesthesiology and
enrolled in an anesthesia preclinical elective at a single-institution. The students were tested on the same clinical scenario graded based
on a standardized rubric prior to and after the completion of the anesthesia preclinical elective. Differences in individual simulation
scores were analyzed using #-test, or Wilcoxon signed-rank test for paired samples.

Results: The students had a statistically significant increase in individual total scores (p < 0.001), with the strongest improvements in
basic induction skills (p < 0.001) and response to hemodynamic changes (p < 0.001) after completion of the elective. There was no
significant improvement in PACU management skills (p = 0.184) after completion of the elective, although the small sample size limits
statistical power.

Conclusion: This first application of anesthesia-based simulation training with performance scoring in medical students highlights the
possible need for targeted early intervention in post-operative management for medical students interested in a career in anesthesiology.
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Introduction

With only 20% of medical schools requiring an anesthesiology rotation,' medical student exposure to topics within
anesthesiology is unfortunately limited. Previous studies at our institution have demonstrated that a preclinical anesthesia
elective enhances written knowledge acquisition” and that the creation of a new anesthesiology residency program has
been associated with an increase in anesthesiology match rates in affiliated medical schools.®> Despite the beneficial
influences of these initiatives to enhance preclinical medical education, there remains a strong need to understand which
specific domains of clinical skills are being adequately learned by preclinical medical students.

Simulation-based training is an indispensable tool in assessing such clinical skills, especially for more procedural
specialties such as anesthesiology. It appears, however, that most simulation studies of anesthesia skills are applied to
residents and attendings,*”’ not medical students, while the published literature shows a remarkable integration of
medical student simulation training in other specialties such as internal medicine and obstetrics and gynecology.® '
These simulations frequently employ objective measurements of performance improvement rather than subjective

participant attitudes, a potentially more valuable measure when assessing a simulation’s clinical impact. This study
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provides a model for filling this gap. In one study of medical students actually performing anesthesia-related skills, the
focus is limited to hands-on technical performance of maneuvers such as intubation with no simulation modeled after
a clinical scenario and no testing of the crucial higher-order cognitive skills and knowledge learned in anesthesia
training;'® our present study again addresses this gap.

Investigating student learning through clinical simulation training has the additional benefit of clearly isolating and
testing understanding of specific content areas. The Accreditation Council for Graduate Medical Education (ACGME)
program requirements for anesthesiology residents define broad domains of expected competency such as “airway
management techniques” and management of “patients immediately after anesthesia, including direct care of patients
in the post-anesthesia care unit, and responsibilities for management of pain, hemodynamic changes, and emergencies
related to the post-anesthesia care unit”.'* This single institution prospective study aims to explore which anesthesia
contents, as derived from ACGME core domains, are learned by preclinical medical students interested in anesthesia
after a semester of exposure to the field of anesthesiology. Medical student clinical anesthesia performance in these
domains will be assessed through a low fidelity simulation scenario before and after taking the elective. This study
importantly uses objective assessments of participant performance and real-time applied knowledge, a desired and

currently lacking objective in the currently sparse research on medical student simulations in anesthesia.

Methods
Study Participants

The students enrolled in the anesthesiology preclinical elective volunteered to participate in an identical clinical
simulation scenario before the start (September 5, 2023) and upon completion of the elective (November 14, 2023).
Participation in the simulation was not required to obtain credit for the elective and did not affect participation in the
elective. Participants received an introduction letter describing the study. Their completion of the simulation indicated
willingness to participate in the study. The demographics of study participants who completed the post-elective
simulation are reported in Table 1. Highlights from Table 1 are that the majority of participants (88%) were first-year
medical students, there was a roughly equal gender ratio (7 males and 9 females), and most (81%) students considered
anesthesiology a top three specialty interest although three-quarters had not had prior exposure to the field.

Table | Study Participant Demographics

Participant Characteristics (N =16)
Year in Medical School n %
MI 14 | 88
M2 2 13
Gender
Male 7 44
Female 9 56

Self-identified race

Asian 5 31
Black/African American | 6
Black/African American and white | 6
White 9 56
(Continued)
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Table | (Continued).

Participant Characteristics (N =16)
Ethnicity
Hispanic/Latino/Spanish origin | 6
Not Hispanic/Latino/Spanish origin 15 | 94
Age
2| to 23 years 10 | 63
24 to 26 years 5 31
27 to 29 years | 6

Marital status

Single - never married 16 | 100

Primary residence prior to medical school

New England (ME, NH, VT, MA, RI, CT) | 5 31

Middle Atlantic (NY, NJ, PA) 5 |31

East North Central (OH, IN, IL, MIl, WI) | 2 13

West South Central (AR, LA, OK, TX) 2 13

Pacific (WA, OR, CA, AK, HI) 2 |13

Interactions with anesthesiology prior to elective

Yes 4 25

No 12 | 75

Immediate family in anesthesia

Yes | 6

No 15 | 94

Anesthesiology in top 3 medical specialty interests

Yes 13 | 8l
No 0 0
Undecided 3 19

Study Context

The anesthesiology preclinical elective, BIOL 6704: “Anesthesia: Much More than Putting you to Sleep”, is a one-credit
course held annually throughout the fall semester at The Warren Alpert Medical School of Brown University. This course
has previously been shown to significantly increase medical students’ understanding of anesthesiology fundamentals in
airway management, anesthetic pharmacology, ultrasound basics, and residency training.’ This pass/fail elective is open
to all first- and second-year medical students during the fall semester. The sessions and learning objectives are presented
in Table 2. Students participate in both didactics as well as shadowing experiences in the operating theaters.
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Table 2 Introduction to Anesthesia Preclinical Elective Syllabus Overview

Session Learning Objectives
What is Anesthesiology? More than Understand an overview of anesthesiology, related challenges, equipment, and importance of
putting people to sleep! pharmacology and physiology

Describe the positive and negative aspects of anesthesiology as a specialty
Describe a “day in the life of an anesthesiologist”

Describe the settings where anesthesia is provided

Subspecialties Panel Discussion Describe the various subspecialties within the field of anesthesiology
Understand the personality types that are typically drawn to anesthesiology and its

subspecialties

Airway and Procedures Workshop Describe knowledge learned about airway management

Apply the ASA Difficult Airway algorithm

Demonstrate knowledge learned about crisis management by practicing these tasks in an in-situ
simulation workshop focusing on crisis resource management and common intraoperative

events

Impactful Case Sharing and Resident Q/A | Gain a deeper understanding of the role of an anesthesia provider and challenges faced through
story-telling
Foster resident mentoring of students through advice and answers to questions about

anesthesia residency and ways to prepare in medical school

Research Opportunities Understand an overview of research in anesthesiology, different study designs, and current

institutional topics of investigation with contacts for projects

Two shadowing sessions with Learn the theory and practice of anesthesiology from direct immersion in clinical situations
anesthesiology resident or attending Foster mentorships with physicians in the field of anesthesiology
Student Presentations Reflect upon knowledge gained about this specialty and desire to explore it further

Research an anesthesia topic of personal interest and teach classmates

Ultrasound Workshop Demonstrate knowledge learned about ultrasound-guided anesthesia-related procedures

Practice skills related to upper and lower extremity nerve blocks, transesophageal and

transthoracic echocardiography

Ethical Clearance
Per the Rhode Island Hospital Institutional Review Board, this study was exempt from Human Subjects Research under
45 Code of Federal Regulations 46.104(d) requirements and did not require consent documentation (IRB2083944-3).

Simulation Design

The clinical anesthesiology simulation scenario was adapted, with permission, from a Vital Anesthesia Simulation
Training (VAST) case.'> VAST is a low fidelity simulation course designed for trainees and practitioners in low resource
settings that has been shown to improve trainee Anesthetists’ Non-Technical Skills (ANTS) scores'® and team coordina-
tion in cardiopulmonary resuscitation.'” In the latter study, the performance based measures were evaluated using a self-
designed checklist similar in construction to ours that was tested to have good reliability and validity.'® The case involved
a 19-year-old male, represented by an airway mannequin, presenting for a laparoscopic appendectomy after one day of
abdominal pain, nausea, and vomiting. An iPad with the Sim-Mon app (Castle+Anderson ApS; Copenhagen, Denmark)
was used to display a monitor screen with vital signs that could be changed in real time requiring live interpretation by
the student as the simulation progressed. Following the case presentation, the student was cued to enter the simulation
and act as the primary anesthesia provider.
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Data Collection

The simulation facilitators included a senior anesthesia resident and an attending anesthesiologist who assessed
performance in five key domains, called “stages”, and assigned numerical points based on a standardized rubric. The
standardized rubric was designed to have binary responses and explicit unambiguous criteria for scoring in order to
eliminate the need for training or the concerns of interrater variability. Stage (a) assessed basic induction knowledge,
Stage (b) airway management, Stage (c) reaction to hemodynamic changes, Stage (d) emergence and postoperative pain
control, and Stage (e) PACU management. In all five stages, the student acted as a supervisor for the anesthesia resident.
The anesthesia resident is a scripted role undertaken by the resident simulation facilitator, and the attending (S.R.A.)
assessed the students competency; thus a single scorer was used to minimize interrater variability. The detailed
simulation scenario and scoring rubric are included in Appendix 1. Figure 1 is an illustrated schematic of the rubric
and includes key tasks students had to initiate to receive credit. All data collected were de-identified.

Statistical Analysis

Only results from participants who completed both simulations were analyzed. The few students who completed the pre-
simulation but not post-simulation were assumed to be Missing at Random and thus excluded from the analysis. The mean and
standard deviation were computed for the five stages. Individual differences in pre- and post-scores were calculated for each
section. The group of differences were assessed for normality using the Shapiro—Wilk test, then analyzed using paired #-test or
Wilcoxon signed-rank test for paired samples. Alpha threshold for significance was selected to be 0.05. Post hoc power
analysis was performed with G*Power 3, a free and publicly available software packagelg (Henrich Heine Universitét
Diisseldorf) published in the literature.”® This software transforms input variables of type of statistical test (set as Means:
Difference between two dependent means (matched pairs), number of tails (two), effect size calculated from group means and
standard deviations, alpha, and total sample size) to an output parameter of study power.

Initiate induction Optimize intubation React to changing  [Initiate emergence PACU
conditions vitals Management
( ya «r

j BP SpO '
O O x |O@XY | Oo 0@
D w D Pressor D Neuromuscular D T supplemental O,
I:l blocker removal
A A Adjunct treatment U Check/call help
HANE [] [] L]

Anxiolytic Hypnotic L . Turn off
D Optimize intubation or reduce
- = H
Muscle Sequence D Reversal
relaxant Induction oot
Analgesic
a b C e
( ) No ETCO, or breath sounds ( ) Successful intubation ( Prepare for emergence ) SpO, 85% ( )
after intubation BP 70/50 and post-op pain on arrival to PACU

Figure | Rubric illustrating an optimal series of steps that can be taken during the simulation scenario. A skilled anesthesiologist observed each student and awarded points
in real-time based on actions completed. Each box represents | point that can be earned - 0.5 points were awarded if the student correctly named the class of drug, | point if
the student answered with a correct drug name. The total points for Stages (a-e) were 6, 3, 3, 4, 4 respectively, for a maximum score of 20 points. As the scenario
progressed from Stages (a-e), facilitators manipulated the situation according to the arrows. Drawings by D. M. Sawka.
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Figure 2 Graded total simulation scores across Stages (a-e) for preclinical medical students enrolled in anesthesia elective, performed at the start and end of the elective.
The maximum score possible was 20 points.
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Results

A total of 18 students enrolled in the elective and completed the pre-course simulation. These were all preclinical
students with minimal exposure to simulation and no previous exposure to this particular simulation case. Out of this
cohort, 2 students withdrew from the elective over the course of the semester, and the remaining 16 students participated
in the post-course simulation (88.9%) and were included in the final analysis (Table 2 for demographics). These students
represented 14 medical students in their first year and 2 in their second.

The total rubric scores for each individual are summarized in Figure 2. Thirteen of the 16 students had an improved
performance on the second iteration of the simulation after taking the anesthesia preclinical elective, with a maximum
score improvement of 10 points on the 20-point rubric.

A detailed breakdown of aggregate scores for each stage are presented in Table 3. In general, participants significantly
improved in 4 of the 5 stages with the exception of Stage (e): PACU Management. The average total score for the first

Table 3 Summary Scores of 16 Preclinical Medical Students in an Anesthesia Simulation Scenario Performed Before and
After a Preclinical Elective

Maximum Pre-Score Post-Score P-values from Post-hoc
Possible Score Mean * SD Mean * SD Paired Significance Power
Tests of Individual
Pre- and Post-Scores
Stage (a): Basic Induction 6 08 % I.1 24 % I.1 p < 0.001 0.97
Stage (b): Airway Management 3 13+12 2+ 1.0 p=0021% 0.36
Stage (c): Hemodynamic Changes 3 07+ 1.0 1.8 £06 p < 0.001 0.94
Stage (d): Emergence and Post-op Pain 4 0307 09 +08 p = 0.048% 0.56
Stage (e): PACU Management 4 13+12 1.7 £ 0.7 p = 0.184% 0.19
Total Points 20 43 %42 88+ 28 p < 0.001 0.91

Note: iNon-parametric test performed (distribution of differences non-normal).
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Figure 3 Distributions of total scores (sum of all 5 stages) for preclinical medical students in the standardized anesthesia simulation scenario pre- and post- elective. (i) are
the initial total scores of the 16 students, and (ii) are the follow-up scores. Bins are structured as [0,1), [1,2), etc.

simulation attempt was 4.3 + 4.2 points. The average total score for the second simulation attempt following clinical
exposure was 8.8 £ 2.8 points (p < 0.001). Figure 3 highlights this expected global improvement in clinical performance.

Stage (d): Emergency and Post-operative Pain had the lowest mean pre-score at 0.3, while Stages (b): Airway
Management and (e): PACU Management had the highest mean pre-score at 1.3 points. Following several weeks of the
elective, Stage (d) remained with the lowest mean post-score at 0.9, while Stage (a): Basic Induction had the highest
mean post-score at 2.4 points. Interestingly, Stages (a) and (c): Hemodynamic changes had the strongest significant
improvements (p < 0.001), Stages (b) and (d) had weaker but still significant improvements (p = 0.021 and p = 0.048
respectively), and Stage (e) had no significant improvement (p = 0.184). Performances widely varied among participants,
as reflected by large standard deviations.

Discussion

There is a notable gap in the literature for simulation studies of medical students in the field of anesthesia that are
objective and performance based, as most literature is on medical student simulations in other specialties® ' or
anesthesia simulations limited to residents and attendings.*”’ This single-center prospective study aimed to help fill
this gap and to identify specific anesthesia content areas, if any, needing more future emphasis in the learning of
preclinical medical students interested in anesthesia after a full semester anesthesia elective. Although conclusions are
narrowed by study limitations detailed shortly, our findings do suggest the need for early intervention in the education of

postoperative care management for medical students given the lack of better clinical performance after the semester (p =
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0.184). Interestingly, prior studies of resident and attending anesthesia simulations have notably excluded evaluations of
emergence and PACU preparation skills altogether,”” which indicates that perhaps this is a far-reaching education gap
across the specialty. PACU management is a critically important part of perioperative care with potential for significant
risk. An analysis of claims brought against US anesthesiologists for harm occurring in the PACU frequently reported
respiratory injuries, nerve injuries, and airway injuries. Over half of cases resulting in patient death cited missed or
delayed diagnoses in the PACU as a causative factor.”' Techniques such as airway management and regional anesthesia
are considered synonymous with anesthesiology education leaving little time dedicated towards postoperative care
management. In a multi-study analysis, with over 70% of included studies involving residents, education surrounding
an integral part of PACU management — anesthesiologist handoffs — is suboptimal.?* Theoretical implications of our
finding of lack of post-elective PACU skill management are a possible lack of student enthusiasm for the topic and
inadequate exposure; practically, this result implies that while intraoperative patient care might improve with learner
experience, postoperative patient outcomes might disproportionately stagnate unless our preclinical elective (and
anesthesia didactics broadly) are redesigned to include more postoperative exposure and instruction. Understanding
this bias can allow medical educators to specifically target postoperative care education through workshops or dedicated
time towards learning this important phase of care.

The simulation was modeled after what is expected of residents in their training. In this study, multiple skills were
assessed, such as identifying appropriate medications, recognizing and correcting improper airway management,
responding to emergent vital sign changes, and transitioning the patient to PACU. This differs from the assessment
tools used in a previously reported anesthesia simulation study conducted among medical students. In that case, third-
and fourth-year students interacted with a mannequin in three realistic simulations that included malignant hyperthermia
and pulmonary embolism. Despite the quality of the clinical scenarios, evaluation measures were limited to self-
assessments. Details and results of the assessments were not provided.”® In another study involving first- and second-
year medical students in 14 simulation cases, the study design similarly lacked real-time performance evaluation and
instead, relied on participants’ self-completed multiple-choice pre- and post-test grades on knowledge-based questions.**
Based on our literature review, the sole study of student performance resulting from anesthesia simulation training was
conducted with veterinary, not medical, students.”” Our study uniquely presents a quality simulation scenario with
objective performance metrics excluded from participant self-bias through the use of an external assessor, metrics that are
fully transparent to colleagues for future study reproducibility. Since the main purpose of medical simulation training is
to enhance learner competency in performing given tasks, it is essential to use such objective metrics to evaluate the real-
time application of participants’ knowledge.

This study has limitations including a small sample size that was limited by the number of students enrolled in the
preclinical elective. Our post-hoc power analysis shows a limited power for analyses without strong (p < 0.001) statistical
significance, especially for PACU emergence in which true differences between pre- and post-elective may exist. In
addition, the lack of a control group limits causal inference of the impact of the preclinical elective itself on performance
improvement but is reasonably attributed given our institution’s lack of anesthesia-related core curriculum. In addition,
the simulation facilitators were not blinded thereby adding an element of bias in the post-course scoring. There is also
a degree of selection bias in our sample as the students volunteered to enroll into the elective and all students were from
a single institution. It is unclear in what direction and magnitude, if any, this selection bias would have on the results.
Despite the construction of the rubric for easy incorporation elsewhere, this study’s results cannot be readily generalized
beyond our single institution. Finally, the simulation performed was a low fidelity simulation with a prepared scenario, an
airway mannequin and a simulated monitor but was conducted in a classroom rather than a mock operating room that
reduces the level of realism for the student.

This novel study demonstrates the successful implementation of an objective performance-based evaluation of
medical students using an anesthesiology simulation after a preclinical anesthesiology elective. Specific anesthesia
content domains that may need additional instructional support from educators are identified.
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Conclusion

Anesthesiology simulations are a popular and high-impact educational tool for anesthesiology training and a valuable
tool for assessing clinical performance. This study demonstrates that a clinical anesthesiology simulation can help
identify relative specific strengths and weaknesses in preclinical medical student clinical performance after a preclinical
anesthesiology elective. Future initiatives for early medical student exposure to the field of anesthesia should be
developed with a suggested greater emphasis on learning postoperative management.
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